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| FOREWORD

3 This report was prepored by the Lockheed-Georgia Company, Marietta, Georgia,

: for the Aero-Acoustics Branch, Vehicle Dynamics Division, Air Force Flight
Dynamics Loboratory, Wright-Patterson Air Force Base, Ohio, under Contract
F33615-72-C-1141. The work described herein is a continuing part of the Air Force
Systems Command's exploratory development program to establish toleronce levels
and design criterio for acoustic fatigue prevention for flight vehicles. The work
was dirscted Lntzr Project 1471, "Aero=Acowsiic fivbivas in Al Force Flighs -

b

Vehicles, " Task 147101, "Sonic Fatigue". Mr. Davey L. Smith (AFFDL/FYA) o
was the Task Engineer.

TP I

- This report conc ludes the work on Contraci F33615-72-C~-1141, which covered ¢ -
period from April 1972 to December 1973. This report is one of two issued under
this contract; AFFDL-TR~73~155, Part |, contains a camplete description of the

,f‘ progiam and the results, The Lockheed-Gecrgia Company report identification for -

this AFFDL document is LG73ERQ183, -

The manuscript was submitted by the outhor 31 October 1973 for Publication. This
technical report hcs been reviewed and is approved.

R e
[ERTM I

I
ol

wo l,

3
L. =
.
=
]

“M”‘WWWWWW”"NW el T
rh

: iatte Qyézi?
! WALTER 3. mYKYtOow '

Asst. for Research and Technology Bl
Vehicle Dynomics Division :
Air Force Flight Dynamics Laboratory




ABSTRACT

An analytical and experimental program was conducted to develop acoustic fatigue
design crireria for aircraft structures subjected to intense noise in a high temperature
environmeni. Equations for the dynamic response of a buckied panel were formulated
for simply supported boundary conditions using large deflection glate theory. Random
amplitude acoustic fatigue testing of representative aircraft structure was accomplished
at temperatures up to 600°F to provide data for correlation with the analytical results.
Empirical design criteria were developed in the form of equations and nomographs for
predicting the thermal and dynamic response of aircraft structures subjected to combined
environments. The empirical design criteria are presented in handbook format for design
use; examples and computer programs are also presented.
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I - INTRGDUCTION

A number of investigotions have been condunted in recent years te develop ond refine
acoustic fatigue design criteria for circroft strucheres. 5S¢ e of these Investigotions have
refined the design criteria for siiffened-skin stre %3, end have helped to reduce the
vncertainty involved in predicting aynamic response and fotigue characteristics of ther .
stiuciures when subjected topropulsion system or geradynamic noise at ambient temperatures .
However, when unusuai stiuztural contigurations or environmentai -onditions are
encountered, the existing design methods Lecome less applicobie and the judgment of *he
design engineer must be relied upor more heavil ;. Structural applications are commmonly
encouniered reday i the near noice field of an opiating turbojet or turbgion engine where
severe naise, high temperatures, static loading, and vibrators ~ utret cogur simuitaneously
or in conjunction with each other,

This program extends the basic aesiga technalogy for ambier: remperataie aluminum
structures to include the effecrs of simultuneous applicatiar o thermal and acaoustic
environmenrs, A complete and deraifed desciiption of ihis urogram is presented .n AFFDL-
TR-73-155, PART |, including an anclytical develogment for the aynamic response of he -ed

structure: before and after thermal buckiing., The piirary purpose of the andiytical effort wng

to identify thre parametors winch describe the strustural re.ponse; ther the data rer . (e~
menis of e exc.imentol pogiam were detined in detail, Measures data were cuirelated
with ti e analytical .esults to establish empirical desigr crite-"a in the form of equaiions,
nome , aphs, and compurer programs.,

The} ynificant results cf this investigation -are chstracted in this document os an aid to the
air. att designer . The design mer. odoiogy is presented in a conivenient, abbreviated format
to simplify routine use . ™ Joverning assumptions and conditions are discussed in Section

Ine oiiceing sections delineate three av. lable methods of application:
Saction I} - Design Pelations for Manua! Calculation
Secrion IV - Des’gn Nomog-ophs for Graphical Calculaticr
Section V- Computer Programs
The limiting conditians to the design methads are discussed in section VI to give the der.gn

engineer a quicx guide as to the appiicability of these methods to o particular desinn .
Appendix | summarizes substructure sectiun properties as an oid in the substructure design.




Il - ASSUMPTIONS AND CONDITIONS

Tne onalytical development of AFFDL-TR-/3-155, Part |, is based on certain simplifying
assuimptions. Mony of these initial ossumptions were negated by the development of the
empirical relations. The significant remaining assumptions ore that:

© The temperature over the surface ot a panel bay is uniform.
o The substructure iz temperature-independent,

9 The tructuiol exciting force is 1andom ampiitude broad=-band noise with a
Geussian distribution ot amplitudes.

0 Dominant structurai respanse occuic anly in the fundamnental mede of the panel .

, The first of these must be closely opproximated in practice, of unsymmetric buckling modes
d will cccur and the empirica! relations will not be valid. The second condition implies
short time duration and localized expesure te the thermal environment, so thot the sub-
structure remains at a considerably lower temperoture than the ckin. The thitd condition
implias thet the design criterio are opplicable to aircrufy powercd by jet engines, ond ore
nct upp iccble to aircraft powered by reciprocating or turboprop engines. The last of
these ccaditions restricts the designs to consideration of single mode response which can
prove erroneaus for structures which exhibit significant multi-mode response.

Y

i The panel size, nomenclature, and sign convention for the design equations are shown in
Figure 1. Thiss -del represents o single boy of o multi-bay stiffenea-skin structure,
Figure 2 is representative of a continucus multi-bay structure, where the model in Figure |
represents the center bay. Througheut this handbook, the simplification a = ap, b= b
will be used to vescribe the center bav size,

The center bay (r bay of interest) is shown in Figure 3 i-olated from the remainder of the
structure, Tho height of the stiffening member along the long side of the panel bay is
defined as d. Throughout this report the panel bay aspect ratio is assumed to be greater
than one (b/a 2 1),
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FIGURE 1. SINGLE BAY GEOMETRY AND NOTATION.
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FIGURE 2. MULTI-BAY FLAT STIFFENED PANEL CONFIGWRATION
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i1} - DESIGN RELATIONS

Empirical design relations for ambient and elevated temperctures are presented in this
section. Ambient temperature demgn criteria for aluminum structures are from AFFDL-

TR -67-1562 and AFFDL-TR-71-1077; elevated temperature design criteria are from
AFFDL-TR-73-155, PART I, ° The source of design equations and intormation, other than
Reference 1, will be ocknowledged in this and the following sections by a reference in
parenthesis. No attempt is made to cross-reference equation or figure numbers. All
unreferenced criteria are from AFFDL-TR-73-155, PART |,

A. Anb’ent Temperature Design Criteria

The design criterio for ambient temperatures are unchanged from existing criteria. Only
the dynamic respense of the structure is involved in the design so long as the ambient
temperature state does not cause buckling of the skin.

1. Skin Design

The skin design criterio of AFFDL~TR-67-156 are valiid for aluminum structures at ambient
temperatures. The dynamic stresses at the midpoint of the long side will be greater than
those at the midpoint of the short side if the panel responds in the fundamental mode. The
dynamic stress at this point is (Reference 2):

_4rE]l/4 1.25 ‘(f) (b/)

0=1,62x10 LYJ ‘I‘" 27 (AR) -ksi 4]

Dynamic stresses at this point are also given by
~ e[t ] ,
a5 3.60x 107 (2) H| 2 - ksi (2)

The fundamental mode frequency for a single bay of a multi-bay structure is given by

0.79F.. h 1/2
n[ £ ] e @

o ab

v(l -\72)

The aspect ratio parameters are defined as

vt i, i s
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F.,=b/a+a/ (4a)

t
2 2
AR =3(b/a)" + 3(a/b)” + 2 (4b)
while the acoustic pressure density of the fundamental mode is
((5,/20)-9) _
() = 2.91 x 10 - psi/V Hz (5)

Comparison of these equations shows thot, for identical configurations, Equation (1) gives
higher stresses than (2). Since both ore based on the same analytical model, the difference
is in the dato on which these empiricol relations are based. These empiricol relations con
be considered as bounds for predicting dynamic stresses. The form of the lotter equation

lends itself to much easier solution.

Dynamic stresses colculated by these equations are used with suitable random amplitude
fatigue curves to estimate fatigue life. Figure 4 contoins random amplitude, reversed
bending fatigue curves for 7075-T6 alumirium ond 6Al-4V annealed titanium ot ambient
temperature. These curves were developed from coupon fatigue tests, ang the riveted
fatigue dato ore representative of typical riveted, stiffened-skin structure.

tXAMPLE: A flat aluminum alloy stiffened structure is to be designed to withstand an

estimated sound pressure spectrum level of 120 dB for 5 x 107 cycles of ambient temperature .

The skin design is detennined by the procedure deswribed below .,

Assume:
o Damping ratie: £=0.012
o Panel width: o = 4.75 inches
o Aspectratioc b/o=1.5(AR = 10.08)

From Figure 4, the dynamic stress for riveted aluminum (mean value fotigue curve) cor-
responding to a design life of 5 x 107 cycles is 3.8 ksi rms. Using Equation (1), the

minimum skin gage is found by

1.75

=1.62x 10

h _4[5]1/4 o' 25 4y (b/e)) 7
Y

gx g.5(: (AR)'84
Qr
1/4 .57
4[!0.3x|06] @.75" B (2.9x107% i
2.66x 1074 GB)612)-%610.08) 84

h=11.62x 10

=0.023 in

From Equation (3), the fundomental mode frequency is
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6 ]/2
10.3x 10 4
f =g';§%72“'27;)[ 0.3x ] h=1.052x 10°h
°o & y (2.66 x 10°7)(.8976)

TPRIVININ
1

Substituting this into Equation (2) gives

[ O

2 4)/? 73
b l3 60 10~4 bl B0 | 1.052x 10 .
3 AR ¢

2/3

}1/2

l
_13.60x10747.125%2.9 x 1073 [ 1,052 x 10
13.8)(10.08, 012
o

The thicker of the two skin thicknesses should be selected if skin failure is to be

completely avoided.

2. Stiffener Flange Design

The acoustic loading on the surface of a stiffened pancl is transferred to the substructure
predominately by o transverse sheor loading, causing the open-section stiffeners to bend
and twist. The stiffener loading is reacted along the skin-stiffener atiachment (rivet) line
ond at the clip attachments to the frames. The resulting flange stress is given by

{Reference 3),

f | 1/2 :
!' 3.=0.9 C. 0|1*2Fl”b 9 (f) <€> “ksi, (é)
where
= (I MY (7)

XX 72 XZ 2z

This relation is valid only for the fundomentai mode of the panel.

The above flange stress is used in conjunction with o fatigue curve developed for flange
failures and presented in Figure 5 (Reference 3).

EXAMPLE: A flar oluminum alloy stiffened structure is to be designed to withstand on
estimated sound pressure spectrum level of 120 dB for § x 107 cycles ot ambient tempera-

ture. The stiffener design is determined by the procedure described below .
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Assume:
o Doemping ratio: (=0.012
o Panel width: o =4.75 inches
o Aspect ratio: b/o=l.5(F” =2.17)

from the previous example, the skin thickness is taken as h = 0.025 inch, for which the
fundamental mode frequency is

1.052 x 10¥ x 0.025
203 M2z

n-
H

The stiffener is o zee section 0.040 inch thick with a flange width of 0.75 inch and height
ot 1.25inch. The section propertie. give a value of I* = 0.01255 inch%. (See Appendix
| for section property calculations.}

From Equation (6), the flange stress is

| ) 1/5
~ o el 0:01217.125°1 25)(2.9 x 1073) [263 |2
f (.01255)(2.17) 012
= 2.19 ksi

rms

From Figure 5, the life is estimated to be N = 1.0 x 107 cycies, or slightly less than the
design requirement,

The above procedure should then be repeated using o thicker or deeper zee stiffener until
the desired life is achieved. It is also possible to reduce the stiffener spacing, thereby
increasing the fundamental frequency and perhaps altering the excitation (dependent on
the excitation spectrum shape). However, it must be remenbered thet changing the
spacing or skin thickness alters the skin stress, resulting in o conservative skin design.

3. Domping of Stiffened-5kin Structures

The estimation of o damping value for structural design is normally based on previous test
data for similar structure and the experience ond judgment of the design engineer. To aid
the individual designer in this task, the domping dota from this and other progrom52‘5 were
plotted versus frequency, and the resulting plot is presented in Figure 6. All of the data,
except those from Reference 4, are for fundamentul mode response of stiffened-skin
structure. Although the data scatter is such that no definitive estimation criteria are
derived, some general observations may be drawn: =
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o The dota of Reference 4, which included response of a single panel bay through
the (3,3) mode, were modeled by an equivalent viscous damping, whereby the
damping ratio is inversely proportional to the forcing frequency. The data were
thus represented by an equution of the form

L c=n.o4 13
; = A similar curve was established by Reference 5;
C=3.6/f
Both of these representations ore shown in the curve of Figure 6.
. o A similar approximation was established through the data points of Figure 6, with
the slope taken as an average of the Reference 4 and 5 slopes. The equation of
this approximation is
- 1.07
| ¢=3.54"0
o The meon value, for the fundemental mode, of all domping data shown in Figure 6
is
. S ¢ =0.016 g
- mean :
| - This meon value con be used in lieu of definitive test data for a particular con- 3

figuration .

© The upper and lower bounds of all measured data are (, =0.038 and | = 0.0056.

T ————

- Application of these bounds on damping ratio will provide limiting values for
dynamic stresses. |
The foregoing may be useful for rough estimates of structural demping. The actual choice ;
of damping ratic is left to the judgrment of the design engineer, with the abov= offered as §
a guide.

8. Elevated Temperature Design Ciiteric

e 1 a2 i

The elevated temperature design criteria ore used in essentially the same sequence in
which they are discussed in the following subsections. Since more than one method of
application is available, all the criterio will be summarized and then followed by
examples of their use.

:
g
:
r
;;:; B
H
L
i

pu) bk sl JLTEVE UL TR
—_—
w




R

e dr e bl i 10

=+
k3
H

B :W b i

g
e
E
E

1. Skin Buckling Temperature

The critical buckling temperature of o single pancl, such as that shown in Figure 3, is
defined as the temperature increase at which the skin buckles and is given by

3.25 h2 F” o
Tc = a_é__(.._.-rb ey - fF above ombient (8)
The temperature ratio is then defined os
r= T/lc (9N

where T is the tempercture rise of the structure above ambient.

2. Skin Buckling Amplitude

—

The maximum skin buck:ing amplitude, at the midpoint of the panel bay shown in Figure 3,
is given by

- 1/2
1. -1 \
Wo = 2.50h F”75 [Lr—r—lj - inches (10)

where R is on aspect ratio parameter defined as

R =30(5 - vIF2, = 25+ () - )] 0

3. Thermal Stress

Thermai stresses due to in-plane expansion and skin buckling are given by the following
equations for the midpoinis of each side:

o Midpoint of the panel bay long side (y = b/2)

0.82 € W2
o]

[b 1

EaT

X 1 -v

o Midpoint of the panel bay short side (x = o/2)

o]

-3 - ksi (13)

.u-v%+v§]lo
Q

o

2
EaTl l.()bEWo
y 1 -v )

g =1- +
ab(] ~v2
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Tharmal stresses must be computad at the midpoint of both sides, since the short side stress
is usually greater than that ot the center of the long side. This is oppusite io the magni -
o tudas of the dynomic stresses at the two locations. The above relotions can be simplified to
9 =340 ;0 =o,.t¢0 (14)

where the respective parameters are the in-plane expansion and buckling <!resses as
inferred from Equations (12) and (13).

4. Elevated Tempercature Frequency Response

The fundomental mode frequency at o temperature increase, T, is given by the foliowing
equations for the indicated temperature ranges:

3 () =£00.60+ 0,400 =021 —Hz  (0srs)

:fO{O.é()* 0.44(r - 1) 7 7] - Hz (r21)

5. Dynamic Stress

Dynamic stresses ot any temperoture can be computed by the following equations for the
indicoted locations:

o Rivet row ot midpoint of long side

2 1/2
- -4 b\ o [ 1) :
Ox~3.60>'. 10 (F) -KR-[T} ’kslrms (16)

o Rivet row at midpoint of short side

o\ 20 (1]
h] AR l_g

S’Y:13.ox|0'4( - (17)

51
1ms

The elevated tempercture panel responsz frequency, f(r), must be used for these computa~
tions. The stresses at both locations must generally be calculated for elevated temperature
opplications becouse of the interaction of the thermal and dynamic stresses.

EXAMPLE: A flat structure is to be designed for a service life of 100 hours at o sound
pressure spectrum level of 140 dB ond o service temperoture of 500°F. Stainless steel
PH15-7Mo is selected os the alloy to be used for this structure.




Assume;

[o]

[o]

A fotigue curve for the selected alloy ot the design temperature wos obtained from MIL-
HDBK -58 te give the effects of mean stress on fatigue life. (The compressive mean
stresses were extrapoiated.) This axial loading, constant amplitude, fotigue curve was
conveited to an equivalent random amplitude fatigue curve (Figure 7) using the method of

Refernn

From MIL-HDBK --58, the alloy properties are
y = (2777988 - 717 x 10~ b -sec 2 /in

c
E

o

E

The skin buckling temperature is colculated from Equation (8):

Panel width: a = 6 inches

Aspect ratio: b/a = 3.0 (F” = 3.33)
Skin thickness: h = 0,050 inch
Damping ratio: £ =0.016

Ambient temperature: 80°F

ce 7.

= 6.1 x 10 % in/in PF @ 500°F
= 29.0 % 10" nsi - B0°F
26.97 x 10° psi & 500°F

!»

5.25( .050)2(3.33)

= 50.3°F obove ambient

T =

The temperoture ratio is then

from Equation (9). The aspect ratio parometer R is calculated from Equation (11) as

The buckliing amplitude can then be computed from Equation (10):

- . . o
This is the maximum displacement, ot the center of the bay, caused by the 50C F thermal
environment. The nexi step ic the computation of the thermal stresses, usir g ccuations

(14).

r=420/50.3 = 8.35

R = 304.8976(3.33) ~ 2(5.32)(.68)) = 141.2

o 2,50(.050)(3.33)"

¢ (6.1 10" %e)(18)01.32)

£ PR i ) .
17.35/141 .Z_]/‘ = 0.235 inch

1a)
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g - (2697 xX 106)(6.] X ]0-6)(420) = -]Ol 5 kSI
T 0.68 )

aeyl 3 _
%x :\(0'82%('?87){;32%'2351- [(3.0)(1 .8976) + 5%]} 107 = 73.1 ki
b . .

[(1.66)26.57 x 10%(.235)% [1 .8976 } -3 .
C,Yb_\ e it 270+ (.32)3.0)| | 107° = 40.6 ki
ond then
o = -101.5+ 73.1 = ~28.4 ksi
o, = -101.5+ 40.6 = -60.9 ki

The ombient temperature fundamental frequency is found from Equotion (3) as
6 1/2

20
; . (0.79)(3.33)(.050) 29.0x 10 = 259 Hz

° (O] (7.17 x 10”%)(.8976)

Then the frequency response ot o temperature of 500°F is computed from tquation (15) as

f(r) = fof0.60+ 0.44(7.35)]/2] =1.79 fn =~ 464 Hz
The acoustic pressure density corresponding to a spectrum level of 140 dB is

r hl
100(140/20)-91 _

4R = 2.91 x 2.9x 1072 psi/\/ Hz

using Equotion (5). From Equation (4) the aspect rotio parameter AR is
AR = 3(3.0)% + 3/3.00% 4 2= 29.33

This then oliows the computation of the dynamic stresses using equations (16) and (17):

o

- "~ % .
5 «13.0 10'4[ s ]2[2'9" ‘03”“‘5“ 12 5 s
By T 0500 LT293T TALOTE) T

2r. -2 1,/2
~ -4 18 2.9% 10 464 |1 ° ,
ﬂx =3.6x10 [7-056‘\ (W' ] [—‘_.0 6} =7.86 ks'rms

Enter the fatigue curve of Figure 7 (Ky = 4) with the dynomic stress 3, = 7.86 ksipmg and
thermal meon stress o, = =28.4 ksi, This comuination gives a lite of npproximately

I

ottt it b




4.5x 108 cycles. Using the y-direction stresses, Ey = 3.15 ksiyms and 0y = -60.9 ksi,

gives o |jfe greater thon 1010 cycles. '
o At ¢ frequency of 464 Hz, the life is then determined by using the minimum cyclic life,
i - e = N2 45100 o
5 3600 f{r) ~ (3600)(464) e
i R
" which is greater thon the 100 hour design reGuirement. The design is optimized by itera- ; i
tion cn the above procedure to decrease the skin gage or increase the stiffener spacing £ =
£ such that the predicted life is equal to or greater than 100 hours, .
i
I
E.

)
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IV - DESIGN NOMOGRAPHS

A useful tool for the design engineer is the design nomograph, which grophically displays
an equation for rapid soiution. The empirical relations of the preceding section were
formulated into suct. nomographs and are presented in this section.

A. Ambient Temperature Design Criterio

1. Skin Design

Design criteria for stiffened-skin aluminum and titanium structures are displayed in Figure 8
{References | and 2). This nomograph is applicable to 7075-Té6 aluminum and 6A|-4V
titanium,

EXAMPLE: A flot aluminum alloy stiffened structure is to be designed to withstand an
estimated sound pressure spectrum level of 120 dB for 5 x 108 cycles. The skin design
is determined by the procedure described below .

Assume: o Domping ratio: ¢ =0.012
o Panel width: o= 4.75 inches
o Aspectratio: b/a=1.5

Enter the nomograph, Figure 8, with the design 1ife, and follow through the romograph,
as indicated by the arrows, to obtain a skin thickness h = 0.032 inch.

The fundamental frequency is estimated from Figure 9 (described in the following subsection)
as f, = 340 Hz. At this frequency, the service environment spectrum level is checked with
‘he spectrum level used above. If necessary, on iteration is mode to obtain agreement.

20
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2. Fundamental Mode Frequency

The fundamental mode frequency for a singie bay of @ multi-bay structure is given by the
nomograph of Figure 9. This nomograph was developed fer a constant value of Poisson's
tatio, v=0.32, The chart waus simplified by raking odvantage of the essentially con~
stant ratio of E/y for most aircroft structural alloys. An average value of £/ = 3.98 x 1010
in/sec? was used; this is an average of the ratios for aluminum, titanium, stoinless steel,
and Inconel alloys.

EAAMPLE: The frequency of the structure used for the preceding example is desired.
Panel width: a =4.75 inches
Aspect ratio: b/a=1.5
Skin thickness: h =0.032 inch

b
:
1
)

Follow the arrows through the nomograph to obtain

f =340 Hz
o

- —— e
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B. Elevated Temperoture Design Criteria

The examples of nomograph use shown in this subsection are from the example given in

Section I11.B.

1. Skin Buckling Temperature

The critical buckling temperature of o single bay of @ muiti-bay structure is given by the
nomograph of Figure 10. This nomograph is based on a constant value of Poisson’s ratio,

v =0.32. -
The temperature ratio is then defined as
= T1/7
c
where both the skin temperature, T, and the critical buckling temperature, T, are
measured relative to the ambient temperature.

EXAMPLE: The skin critical buckling temperature is desired for the structure of the
exomple in Section Iil.B,

Panel width: a = 6 inches
Aspect Ratio: b/a = 3.0
Skin thickness: h =0.050 inch

Coefficient of thermal expansion: a= 6.1 x ]0_6 in/in/°F
{PH15-7Mo Stainless Stee!)

roltow the arrows througn the nomograph to obtain

Tc = 50°F above ambient,

then the temperature ratio is

r = 420/50 = 8.4

24
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2. Skin Buckling Amplitude

o i

The skin buckiing amplitude is given by the nomogroph of Figure 11, This is the maximum
buckle amplitude on a single bay of a multi-bay structure; it occurs at the midpoint of the

bay . The nomograph was developed for a constant value of Poisson's ratio, v = 0.32,

E The buckling amplitude is dependent on the temperature ratio as given by the nomograph

3 of Figure 10. .

3 EXAMPLE: The skin buckling amplitude is desired far the structure of the example in , :
Section 111.B, : ;
Skin temperature: T = 420”F obove ambient 7
:, Ponel width: a =6 inches

Aspect ratio: b/a = 3.0
Skin thickness: h =0.050 inch

From the preceding example, the temperature ratio is r = 8.4. Enter the nomograph and

follow through the arrows to obtain the buckling amplitude

MIEF

W =0.24 inch
o

AR

n i

aatl Uy

iculiabdii oyt
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3. Thermal Stress

Thermal stresses due to in-plane expansion and skin buckling are given by Figures 12
through 14. The thermal stresser are then the sum of these component stresses in the
applicable direction: '

o Midpoint of panel long side, in x -direction
= 4.+
% cij 3
) Midpoint ¢f panel short side, iny ~direction §
g =¢, to oy
y Ty g

AL

The in-r.lane expansion stress is compressive (=), while the buckling stresses xp and S

are tensile (+); the signh must be maintained throughout the computation.

Th value of Poisson's ratio has been held constant at v= 0,32 for development of these

romogrophs. %
The skin buckling amplitude from Figure 11 is required for solution of the thermal stresses. g
EXAMPLE: The thermal stresses are desired for the structure of the example in Secrion 1il.B. —
Skin tempera:.re: T = 420°F obove ambient E
Panei width: o = 6 inches %;

Aspect ratio: b/a = 3.0

i

s

Coefficient of thermal expansion: « = 6,1 x 10-6 in’in/°F @ 500°F
Modulus of Elasticity: E=26.97 x 10 psi @ 500°F

Enter Figure 12 with the required porameters, and follow the arrows to obtain

cy = -100 ksi

3

From the preceding example, the skin buckle amplituae is 0.24 inch. Enter Figures 13

and 14 with the buckle amplitude W, = 0.24, and follow the amows through the nomograph
to obtain

c =75ksi; o = 40 ksi

"b Vb 3

Then
ox=-100+75= =25 ksi :
oy = =100 t 40 = -60 ksi

M.wUi‘.‘:ﬂ:m‘:\ [
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4. Elevared Temperature Frequency Response

The fundamental mode frequency decreases with increosing temperature unt®i the skin
buckles; the frequency then increnses with further increases in temperature. The nomo-
groph of Figure 15 gives the elevated temperature frequency response as a function of
the ambient temperature frequency.

EXAMPLE: The elevated temperature frequency response is desired for the structure in
the example of Section Ii}.8B,

Skin temperature: T = 420°F above ambient
Pane! width: o = 6 inches

Aspect ¢atio: b/a = 3.0

Skin thickness: h = 0,050 inch

From the preceding exomples in this Section, the temperoture ratio isr = 8.4. From
Figure 9, the fundamental frequency for this configuration is found to be

f =260 Hz
°
From the nomograph of Figure 15, the frequency rotio is

f(r)/fo =1.8

from which the frequency response at the temperature, T, is

f(r) = l.8fo= 1.8 (260) = 468 Hz
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5. Fthiaue Life

The nomogroph of Figure 16 is used for elevated temperature applications for 7075-T6
cluminum a. temperatures of 150° cnd 300°F and 6Al-4V titanium at temperatures of
400° ond 607°F. This nomograph includes thermal mean stress effects in the data,
threreby negaiing the need to compute these parameters.

EXAMPLE: A flot aluminum (7075-T6) structure is to be designed for a service life of
100 hours a* o wound prassure spectrum level of 120 dB and o service temperature of 300°F,

Assume: o Aspect ratio: b/a = 3.0 (F” = 3.33)
o Damping ratio: ¢ =0.C16
o Ambient temperature: 80°F

As o first step, assume o frequency, at the service temperature, of 300 Hz. Then the
life incycies is

N = (300 Hz)(100 Hrs)(3600 sec/Hr ) =1.08 x 108 cycles

Enter the nomograph f Figure 16 with this life and follow through the parameters to the
skin thickness chart. Several spacing/skin thickness ratios are now possible, all of which
will meet the design life goal. Assuming a skin thickness of h = 0.050 inch, the panel
width is found to be a = 5,0 inches.

At this point o structural configuration is defined, however, the assumed frequency must
be checked. Compute the fundamental mode frequency at the ombient temperature using
Figure 9, (f, = 390 Hz) then compute the skin critical buckling temperature using Figure 10,
where a = 13.5 x 1074 in/in/°F from Figure 18; (T_= 33°F). The temperature ratic
is then

r= T/Tc =220/33=6.7

Figure 15 then yields the frequency rotio f(s)/f, =1.65, and the elevated temperature
frequency is
f(r) =1.65 fo =1,65(390) = 645 Hz

Sirice this frequency is greater than the ossumed frequency, the anticipated life will be

less than the design goal, hence an iteration is necessary . The above procedure is repeated
using the calculoted frequency of 645 Hz at the design temperature. One or more itera-
tions may be necessary lo obtain ogreement between the initial and final frequency (or
design life).

Several spacing/skin thickness ratio combinations may be derived using this method and
the weight of each calculated to obtain a minimum weight design.

This method may also be used for structural temperatures different than those indicated on
the nomograph by assuming o linear relatiorship between the temperatures shown and
interpolating.
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6. Application of the Design Procedure

At least two alternative methods of application ore possible using the elevated temperature
design criteria. The first of these, and the most direct, involves the use of the life design
nomograph, Figure 16. The alloys and structural temperatures must match those for which

the nomograph was deveioped. An example of the use of this nomograph was presented in

the preceding subsection.

h \M“MWM

il b it it ol

a._Mean Stress Fatigue “urve - An alternate design method involves the use of fatigue
curves where the mean stress effects are known (see Figure 7). This method can be empioyed
where the alloy or temperature does not coincide with those of the Figure 16 nomograph.
The following example is identica! to the exomple of Section I11.B and to the examples used
on each of the design nomographs of this section. It is presented here to summarize the

application of the design chart section.,

o o i

EXAMPLE: A flat stiffened structure is to be designea for o service life of 100 hours at a
sound pressure spectrum level of 140 dB and o service temperature of 500 °F. Stainless
steel PH15-7Mo is selected as the alloy to be used for this structure.

Assume: o Panel width: a = 6 inches
o Aspectratio: b/a=2.0(Fy) =3.33)
o Skin thickness: h =0.,050 inch

il e o el

M\WM;\MHWM\;MUWMMMI H \MW\MMM«MWMMM Mmﬂm I‘m

o Damping ratio: { =0.016
o Ambient temperature: 80°F

Figure 7 shows a random amplitude fatigue curve with varying mean stresses for the
PH15-7Mo alloy. _

From MIL-HOBK-58, the alloy properties are
v =(.277/386) = 7,17 x 10~
@ =6.1x 107 in/in/°F @ 500°F

4 lb'-sec?'/ir\4

E_=29.0x 10° psi @RT

E =26.97 x 10° psi @ 500°F

The skin critical buckling temperature is found from Figure 10 os T, = 50°F above ambient.
Then r =420/50 = B.4 and the buckling amplitude is W, = 0.24 inch from Figure 11.

The thermal stress components at the midpoints of the two sides are found from Figures 12
through 14, or
o1 = -100 ksi

g =75ksi; o =40 ksi
b 4




Then the thermal (compressive) stresses are
o =g, to =<100+75=-25ksi
Py T X
b
o =o,to =-100+40 = -60 ksi
y T Yp

The ambient temperotufe fundamental frequency is f, = 260 Hz from Figure 9. Figure 15
gives a freguency ratio of 1.8, corresponding to a temperature ratio of 8.4; then

fr)=1.8 fo =1,8(260) = 468 Hz

The dynamic stresses are then computed by Equations (16) and (17):

) Midpecint of panel long side
- 2T
5 =3.60x104 18 17 2.9x1072] 268 V2 =7.89 ksi
x [o.oso 29.33  |0°016 rme
o Midpoint of panel short side
v =13.0x104 6 12 2.9x107% 468 1?2 <37k
Y 0.050 29.33 |0.016 rms

The value of §(f) = 2.9 x 10-2 is the acoustic pressure density corresponding to 140 dB
(Equation (5)), while AR = 29.33 is the aspect ratio parometer (Equation (4b)).

Enter the fatigue curve of Figure 7 (K, = 4) with the dynamic stress G, = 7.89 ksirms and
thermal mean stress o = =25 ksi. This comkination gives a iife of approximately 4.5 x 10

cycles. Using the y-direction stresses, Sy = 3.17 ksi ymg and oy = ~60 ksi, gives a life
greater than 1010 cycles. Ata frequency of 468 Hz, the life is then determined by using

the minimum cyclic life, 8
LIFE= N = 4.5x 107 =267 Hours
3600f 3600)(448

which is greater than the 100 hour design requirement. The design can be optimized by

iteration on the above procedure to decrease the skin gage or increase the stiffener spacing

such that the predicted life is equal to or greater than the 100 hour design life. Alterna~
tively, the above design may be used and the additional estimated life used as o safety
factor,

A comparison of the results achieved here (using the design charts) and the results of
Section 111.8 (using the design equations) shows a difference of only 2 hours (less than 1%
error) on the final life. Hence the accuracy of the graphical meihod of solution is com=
patible with that of the computational methed.
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After optimizing the above design, the stiffener flange details can be determined using

the method of Section il1.A, The elevated temperature tesponse frequency calculated

above (i.e¢., i{r) = 468 Hz) should be used for this computation. The fatigue duta used

in the skin design (i.e., Figure 7 for this example) may be used for the stiffener design o
in liev of a fatigue curve developed specifically for stiffeners at the slevated temperature .
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V - COMPUTER PROGRAMS

A digital computer program is presented here for calculating the dynamic response and
life of a multi-bay, T.at tiffened-skin structure exposed to simultaneous acoustic and
thermal environments. Five sub-proarams are required for the dynamic analysis program.
These programs were developed for the Un!ac 1106 computer using Fortran V; however,
the programs can read:ly be adapted to any digital computer.

A. Anglysis Program

The input data format for the analysis program is shown in Table | and the input
parameters are defined in Table Il. The computer program is listed in Toble 11l while
Table IV contains a sample of the output format.

B. Sub-gprogroms Required

The following sub-progroms are required for this analysis program:

ETEMP (T, IFF)

ALPHA (T, iFF)

SN (SDYN, STEMP, TEMP, CTF, IFF)
CTEMP (TCALP, TC, IFF)

PROP (OPT, B, H, T, A, RJ, GAMAT, XIP)

The input and output parameters for each sub~program are yiven in the following sub-
sections. A listing of each of the sub-progroms is contained in Tables V through IX.
Since each of these sub-programs are either functions or subroutines, the input and
output are controlled by the cailing program.

1. Sub-programs ETEMP ond ALPHA

These functions compute modulus of elasticity and coefficient of thermal expansion,
respectively, for aluminum and titanium alloys as a function of temperature. The basic
alloy properties are from MIL-HDBK-5B, and are shown in Figures 17 and 18, The input
porameters are:

T ~ Input Temperoture at which elastic modulus or coefficient
of thermal expansion desired - °F

IFF - Alloy code,

=1 Titanium Alloy (6A1-4V annealed)
= 2 Aluminum Alloy (7075-T6)
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2.

This subroutine computes the fatigue life of aluminum and titunium alloys as a function

Sub-program SN

of dynamic ui.d inermal meun siresses. The input parameters are:

SOYN
STEMP
TEMP
IFf

1]

Dynamic Stress - ksi rms

Therma!l (or Mean) Stress = ksi
Temperature ~ ©F

Alloy Code,

1 Titanium alloy (6A1~4V annealed)

= 2 Aluminum Alloy (7075-T¢)

The output to the calling program is:

3.

CTF

Sub-program CTEMP

Life in cycles to failure

This subroutine computes the skin critical buckling temperature for aluminum or titanium
The input parameters are:

structures.

TCALP

FF

Product of critical buckling temperature and
coefficient of thermal expansion; computed using
Equation (8).

Alloy code,
1 Titanium Alloy (6A1-4V Annealed)
2 Aluminum Alloy (7075-T6)

The single output parameter to the calling program is:

4.

TC

Sub-program PROP

- Critical buckling temperature - °F above ambient.

This program computes stiffening member properties such as area and moment of inertia.
The basic relations are frem Reference 2 and are shown in Appendix |. Two different

sectional shapes are available, a zee or a channel section, with the parameters descriked

in Appendix 1.

The input parameters are

OPT

Option code to select sectional shape,

0 zee-~section .

1 channel section

Flange width of stiffening member = inch
Height of stifferiing member ~ inch
Thickness of stiffening member - inch

42
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The output parameters to the calling pregram are:

. .2
A - Cross-sectional area - in

RJ - St. Venant's Torsion Constant - in4

GAMAT - Warping constant for thin-walled open-section
beam, with the poie taxen at the shear center - in

xie - Polar moment of inurtia, referenced to rotation

about the ottachment point - in4
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DYMNAMIC ANALYSIS COMPUTER PROGRAM INPUT FORMAT

CAKD 1
NAME NCASE IFF
COL(FORMAT) 1(12) 3(12)
CARD 2
NAME OPTX BX HX TX
COL(FORMAT) 1{12) 3(F8. 4) 11(F8.4) 19(F8.4)
CARD 3
NAME OPTY BY HY Y
COL(FORMAT) 1(i2) 3(F8.4) 11(F8.4) 19(F8.4)
CARD 4
NAME Al A2 B2 B1
COL(FORMAT) 1(F8.4) 9(F8.4) 17(F8.4). 25(F8.4)
CARD 5
NAME TS RHO RNU UAMP
COL(FORMAT) 1(F8.4) 9(FB.4) 17(F8.4) 25(F8.4)
CARD 6
NAME PSL T
COL(FORMAT) 1(F8.4) 9(F8.4)




NCASE

_IFF

OPTX
BX
HX
X

OPTY
BY
HY

Al
A2
81

B2

TS
RHO
RNU
DAMP

PSL

TABLE - I
DYNAMIC ANALYSIS COMPUTER PROGRAM
INPUT PARAMETER DEFINITION

Two-digit identification number

Alloy identification code,
=1 Titanium Alloy (6A1-4V Annealed)
=2 Aluminum Alloy (7075-T6)

input parameters defi...ng stiffening member paralie! to

x—direction - see Sub-progrom PROP for definition

Input parameters defining stiffening member parallel to

y=-direction - sece Sub-program PROP for definition

Panel bay dimensions - see Figure 2

Skin thickness - inch

Weight density of skin and stiffening member alloy - Ib/ind
Poisson's ratio for structure alloy

Damping ratio for structure

Sound pressure spectrum level - dB

Structure temperature rise - °F above ambient
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TABLE 1l

COMPUTER PROGRAM FOR ELEVATED TEMPERATURE
DYNAMIC RESPONSE OF STIFFENED STRUCTURE

1 C THIS PROGRAM CALCULATES THE DOYNAMIC RESPONSE OF

2 C A NINE=BAY FLAT STIFFENED PANEL EXPOSED TO A =

3 c UNIFORM ACOUSTIC PRESSURE AND A UNIFORM TEMP~ C
4 C ERATURE RISE, ROOM TEMPERATURE IS 80 DEGREZS F. ' I
5 c -3

(9] C T IS A TEMPERATURE RISE+ ABOVE ROOM TEMPERATURE :

7 C

3 C SUBFROGRAMS REQUIREDS ALPHA (T IFt Yo ETEMP(TelrFt 3o 3

qQ C SHISOYH'STEMP T+ CTF e IFF ) o CTEMP (TCALPeTCoIFr ) E

10 C AND PROP (OPTBrH 1 TrA ZJerWCRPI) 2

13 C E

12 C FUNCTION DEFINATION H

13 C 3

I F(BrA)=B/A+A/B }

15 R(BrAWPRIZI 2 ((H.=PR*2)x (B/A+A/B)* . 2=2 % (5H+PR) E

—
fot
[

*(1o-pR))

17 20 READ (59301 )NCASE » [Fi
14 RPEAD(S¢302)0PTX s BXeHX»TX
14 READ(52302)0PTY»BYsHY»TY
2 READ (Hr 301Ky -
21 READ (He303)A 1 A2:B2/01 s
2 READ (50 303)1TS»RHOWRHUDAMP .
23 READ (59 303)PSLT H
a2 C INPUT DATA FORMAT STATEMENTS
25 301 FORMAT(2I2)
Zn 302 FORMAT(I2:3F8.4)
27 303 FORMAT(4FB.4)
on C CALCULATE SUBLTRUCTURE PROPERTIES E
B CALI. PROP(OPTX »BX s HX»TXrAX oYU sWCXeX]1)
S CAL'" PROP{OPTYsBY HY »TY AY eYJriCYrYI)
> H=TS
L GMZRHD ;
. PR=TIY
S C CALCULATE STIF- €1l STIFE- IES AL ARG
5% RXIZULHD06 *AT 2L/ (RWCX s (1, P
RIS RXZ2Z0e9200 % A2 A2 IXJ/(WCXH (1 ¢PR)
27 RY1Z0,006 *B1 il eyd/ZiuCyY+ (1, PR}
S5 RYZ2=0eDo 48241120 YJ/ (CY* (] . +PR)
o CMXZVCX¥ LT RXZE e x LA2/A1) Y (1o VX1 ) " /AL
SKYZWCY* (] o#RYZ+ -od (270514 () oY1 /B2
L1 R NEINNEE
e GTRIUT e 76085 (] ¢ =PRFPII A {SKXLEY )/ (B30 AZ V)
b STR=CTII /L) o
g AJS(AI/A2)% 3
o B3z (317021 3
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L
yu

4

74
28]
B

B2
B3
B
HY
He>
H7

B9

TABLE 11l (CONT'D)

CMZ4 - /380
GKIAZ,2980M ) A21U2HTT .42, +A312.%B3+4, A3 1133)

1 tO L BOGAGM Y (XTAA2 1 (1,42, 4A3) /7 (B2#*112)
2 tY123210 01 42,483V /7 (AR2HAD)

CALCULATE COvbE': SHE T oTIF HES  AND MAS
F2 zF (B21A2)
F21=F (B2,A))
Fl2zF (B1rA2)
F1 ZF(81eA]l)
F1GZF2 #F2 ¢ L4 {(A)J/R2)*F214F21
i 2.3 (B1/7032)1+F12+F 1244, [AL/A2) ¥ (B1/132)¥F 1 »F ]
RO M TEMP STIF: [IES
CKUZ2402Y374ETEMP (B0, 2 IF ) s3IV (FIS+UTRYZ 01 o =PR#*1212)
] sA2 D)
O M OTESR FREQUENCY
FOIva1ous,0RTICKO/OKM)
CALCULATE RO 1 TEWP MEAN SCUARE STREYS RESPONSE
ARSI *(B2/A24 Z+Dd 2 (AZ2/B2)¥ 2+,
CONiVERT BB TO PSI
GPLE2¢9Y %1 U4 (PLL/20 .=,
CALCULATE RO M TEMP DYHAMIC STRES . AT X=0.vY2B2/2
SXUZi o 3HP24032+S0G. T(FU/DAMP ) #SPL/ (H*Hi AR
CALCULATE RO M TEMR DYHAMIC STRES'- AT X=A2/2»YZ=V
SYUS TV ANMAZHAASORT (FU/DAMP ) #SPL/ (H*114 AR
CONVERT GSTRES  FROM PLT TO KSGI
OXO=4xu/10 o)
SYOZLYUZ1 0 et
CALCULATE RO M TEMPERATURE LIFE
CAL- SIHHSEXU U eBULLICTFYIWIF )
CALL SHE(SYODrtia 1o BULUICTF20 IFY )
X1zA2/:.
YI:O-“
X2=U 1}
Y2=B2/:..
STEMPZ(0, 1)
FPRINT O .M TEMPERATURE RESPONSE
WRITE(Gr4G)
GO TO(2010202) 9 ]FF
WRITE(6r402) 1CASE
GO 10 203
WRITE (tbrbuo) HCASE
WRITE(62410) PSoeT”
wRITE(bebklD)
VRITE(6r410L)Y FO
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PR}
Ly
A
Yo
7
fapd
1%
1)
10!
12
Tul
AN
1uh
1o
1007
1008

—
LR,
.

S s bd e b hh b

[aXa

O OO0

205

210

“TABLE Il (CONT'D)

wRITE(oeb20)
VRITE(bL2Y)
VIRITE(OILIU) K202 eSXUPLTEMY? o CYE ]
VRITE(OeL30) X1 oY1 eGYUL . TEMPCTFZ

THERMAL STRE'  EF ECTS

P2 ZR(B21A2 Pl
P21zZR(BZ21A1 1R
R12ZR(B1+A2sPi2)
R1:'ZR{(B1+A)PR)
F2OTF2 "*(F2 4% (A1/A2)% . 2iF21¢2.,2(B1/122)14 2. F12
+th ¥ (Al/AC)* cr(Bls/o2rs 2F1°)
ROTZ2 +2%A3RIZ2+243HIP21 14 +AS B rRR]
ROS(F1S+4.TRY /F 28
CALCULATE CRITICAL TEMPERATUIRE KISES TCR
TCALPIZYH 29101 F2 "/ (A2¢t32 (14 tPRY)
CAL CTEMP(TCALP¢TCReIF. )
* HOTEx  TCA AHID RS ARE BUCKLING TEMPERATURE

AND TEMPERATURE IRATIO FOR All EQUAL
SIzE SIMPLE PANEL. RY IS TEMP RATIO

FOR NI'IE-~-BAY PANEL

TCA=TCR/1:0
RS=T/TCA
R9I=T/TCR
TACT=T+80.0

CALCULATE MATERPIAL VROPERTIES AT TEMPERATURE
ESSETEMP(TACT s IFF )
ALP=ZALPHA(TACTY »IF: )
ND=0.,0839%ES#H3/ (1« =PR*PR) .

CALCULATE RESPONSE FREQUENCY AT TEMPERATURE T
SKT=D*F2S*R0Q/ (A2*B2!
FQT=0,809%SGQRT (SKT/SKM)

*»INOTE*:+ FQT=FQ: ROUM TEMP FREQUENCY
STLINS=ES*ALP*T/(1.=PR}/10uu.V
IF(RS-R01205¢2050210

PRE-BUCKLED RESPONSE
FTEMPZFQT* (0,60+0.,40%5QRT (1.=-R9))
SXT=STLIN
SYT=STLIN
wWw0=0.0
GO TO 215
POST~BUCKLED RESPONSE
FTEMPZFQT*(0,60+0.44*SQRT (R9=1.))
CALCULATE PLATE BUCKLING AMPLITUDE,» w0
WS (3.37-0.20%R0) *HASQRT (F25%R 0% (RY=1.) /RST)
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136
137
138
139
140
14l
142
143
144
145
1u6
147
148
149

150
151

152
153
154
15
150
157
158
159
160
161
s
163
Tod
jieh
1n
l.')7
la:b
1oty
170
174
172
173
174
17
176
17
1748
174
1484

215

40

405
4
410

1o
4leb
420

.,
&~ -J
45
434
o

1 THCHES Y e /)

TABLE 111 (CONT'D)

CALCULATE THHERMAL STRES .ES,
Ci=1./7(A2%B2% (1 .~PR*PR))
SXT=STLIN®O . B1*ES#C1%( (2 ,=PR*PR ) xB2/A2+A2%PR/B2)
1 *W0*Ww0/1000,0
SYTESTLIN®1.36%ES*C1x (PR*B2/A2+ (2 .-PR*PR)xA2/82)
1 *WO*W0D/7100U.0
CALCULATE ODYNAMIC STRESY
CONTINUE
C2=SQRT(FTEMP/FO0)
SX0=C2*SX0
SYQ=C2xSY0
CALCULATE ELEVATED TEMPERATURE LIFE
CALL SN{SXO0eSXT»TACT+CTF1»1FF?
CALL. SN(SYOsSYTsTACToCTF2¢1F: )

PRINT ELEVATED TEMPERATURE RRESPONSE
WRITE(6,43D)

YAZTCR+80.,0
WRITE(6,u4i0) TCR
WRITE(6ebS) w0
WRITE(6,416) FTEMP
VIRITE(6+420)
WRITE(6,42%)
WRITE(O6r430) X2rY2+SXUISXT W CTF1
WRITE(E2430) X12Y1eS5Y0 YT WCTF2
GO TO 20

FORMAT STATEMENTS FOR OUTPUT DATA
FORMAT (111,25%s 'OYHAMIC REGPONSE OF At/ 919X
1HINE=-BAY STIF: ENIED fPPAHEL EXPOSED TOYe/,21X
2YACOUSTIC EXCITATIQI AnD HEATLIIG ' »/)
FORMAT (29X 'DAT CASE Y s[4 /74 2TX» tMATERTAL TITAILAY)
FORMAT (ZUX e YDAT: CAGEYelu e/ 027X s "MATERTAL ALLAIHILUL )
FORMAT (DX » 'EXCITATION SPECTIRUMA LEVLL = 'HFL, 01X DB
13X "TEMPURATHRE IHCHREASE = *oFLUs1Xe *DEG. Fle/.)
FORMAT (2UX» 'RO M TELPLRATURE 2ESPOHCE te /)
FORMAT (20X o "FUHINAME T L FREQUCHICY 'k 7,10 HZ'» /)
FONMAT(OSX» 'STREY, AT POINT ' 3Xs YDYHAMIC STikES 93X
1¥THERMAL STRES 93X 'CYLLES TO FATLUREY)
FORMUAT(BXY %" o 7X oY T 0] Xo'WOTI o1 4x )y *KSI /)
FORMATLOX 0P Y20 3% sF S 20X o FRB3eOXsFR .31 UX e IPEY .20 /)
FOUMAT (/ 2 Y 'EL VATUD TCHRPURATURE RCGPO0HILE e /)
FORMAT {1UX» 1BUCKL 111G TEMPIRATUIRE Z'yFB,20 " DEG. F?
1o ABOVE 12O 4 TEMPERATHIIE Y /)
FORMAT [ 1HX» *BOCKLING ANPLITUDE Z'»F 8,4,

(A
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TABLE
7OUTPUT FORMAT FOR DYNAMIC ANALYSIS COMPUTER PROGRAM

v

DYNAMIC RESPONSE OF A
NIME=BAY S1IF. EN' D PANEL LXPOSED TO

ACOUSTIC EXCITATION AND HEATING

DAT. CASE

4

MATERIAL ¢ ALUMINUM

EXCITATION SPECTRUM LEVIIL = 135. DB

TEMPERATURE INCREAS: = 2 vu. DEG.

RO‘M TEMPCRATURL KL.SPONSE

FUNDAMENTAL FREQULNCY = 175, HZ
STRES AT POINT DfNAMIC STRES . THERMAL. STRES - CY-.LES TO ralLUkE
X Y KSI KSI
.00 6o.U: 6.,u76 U Oeld+t0
3.0 s U 5.48% «U 1.U3+07

ELlL VATED TEMPERATURE RLCSPONSL

BUCKLING TEMPERATURE = 1:.0i DEG. F ABOVE ROuM TEMPIRATURE

BUCKLING AMPLITUDE =

«25.' INCHES

FUNDAMENTAL FREGUUNCY = 41745 HZ

STRES AT POINT DYNAMIC STRES

X Y KS1
0 6eU 9.371
e U 8.46U

THERMAL STRES .

KSI
~i6.83. 1.32+4u5
"ZLi .3“2 1.‘#0*1 b

COLES TO FAILURE

¢

3




TABLE V
COMPUTER PROGRAM FOR CALCULATING ELASTIC MODULUS

1 FUNCTION ETEMP(Tos IFF) &l
2 c E
3 o THIS FUNCTION COMPUTES ELASTIC MODULUS FOR 3
4 c ALUMINUM OR TITANIUM ALLOY AS A FUNCTION OF 4
5 c TEMPERATURE 3
6 C E
7 C T - INPUT TEMPERATURE - DEG, F 3
8 C IFF = ALLOY CODE b
9 c = 1 TITANIUM &
10 ¢ = 2 ALUMINUM I B
- 11 o 3
= 12 GO TO (100,200) ¢ IFF i
= 13 I ITIITEI RS S P2 222222 R it et b bl bt
14 c MATERIAL 6AL-4V TITANIUM ANNEALED SHEET § ¥
. 15 o REFERENCE MIL-HOBK-58 EE
16 C TEMPERATURE LIMITATION 800 DEGREES F Rk
17 c RT<T<B00 F IE
18 100 1F(800-T7)180+1%0+150 4
19 190 ETEMP=(1.030~0.000375%T)*16.6E406 €
20 RETURN ¥
21 c T>800 F BE
22 180 ETEMP=12,1E+06 4z
23 WRITE(6+333) ¥
- 24 RETURN
- 28 C kAR AR R R R ARk Rk kR kR R RN Rk X
- 26 c MATERIAL 7075-T6 SHEET
: 27 C REFERENCE MIL-HDBK~5B
28 C TEMPERATURE LIMITATION 600 DEGREFS F
== 29 C RTLT<200 F
= 30 200 1F(200~T)2200210,210
31 210 ETEMP=(1,020~0.00030%T)*10,.3E+06
32 RETURN
- 33 C 200<T<400 F ,
- 3 220 IF(400-T)240,230¢230 ~
= 35 230 ETEMP=(0.96~0.00G70*(T~200))*20.3E+06 E
= 36 RETURN 1
. 37 C 400<T<600 F 3
38 240 IF(600=-T1260+250+250 ¥
39 250 ETEMP=(0.82-0,0016%(T~400))%10.3E+06 ]
40 RETURN 4
41 C 1>600 F =
42 260 ETEMP=0,50%10.3E+06 :
43 WRITE(H+333) .
uu 333 FORMAT(/¢5%r 'UPPER TEMP LIMIT ON ELASY MODULUS'»
- us 1' EXCEEDED' /)
= u6 RETURN
= 47 END
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OOO0O0ONO OOOOOO0DOOO0ON

100
150

C
180
130

C
185
195
500

193

OOO0ONO

200
210

C
220
230

C
240
250

C
260

280
270

TABLE VI

COMPUTER PROGRAM FOR CALCULATING COEFFICIENT OF THERMAL EXPANSION
FUNCTION ALPHA(T» IFF)

THIS FUNCTION COMPUTES COEFFICIENT OF THERMAL
EXPANSION FOR ALUMINUM OR TITANIUM ALLOY AS A
FUNCTION OF TEMPERATURE

T = INPUT TEMPERATURE - DEG,
IFF = ALi.QY CODE

=1 TITANIUM

=2  ALUMINUM

GO TO (100.200)

ANIEALED

REFERENCE MIL=-HD3K=58
TEMPERATURE LIMITATION 1000 DEGREFS F

RTLT<20C F
I1F(2C00-T)180+15

ALPHAZ (4 ,45+0,0C425%T)*1,0E~06

RETURN
200<T<400
IF(400~T)185+19

ALPHAZ (4.,85+0,1N25%T) %1 ,0E=-06

RETURN
400<T<1000

IF(1000-T1195,198+198

WRITE(6:500)

FORMAT (A+15Xs *UPPER TEMP LIMIT ON COEFF OF EXPAN '

1*'EXCEEDED /)
ALPHAZ5,8E~06
RETURN

RT<T<C100 F
IF(100-T)220,21

ALPHAZ(12,440,0050*T)*1,0E-06

RETURN
100<T<300

' IFF

00,150

F
0,190

F

0,210

£

IF(300~-T)240,230,230

ALPHAZ(12.940,00275%(T=100))*1,0E=06

RETURN
300<T<400

[

IF(400-T12600250¢250

ALPHAZ({12,4540.,00150%(T-300))%1,0€~06

RETURN
T>400 F
ALPHAZ=13,6E-06

IF(600-T)280+270+270

WRITE(6+,500)
RETURN
£ND
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MATERIAL 7075-T6 SHEET

REFERENCE MIL-HDBK-58

TEMPERATURE LIMITATION AN0 DEGREES F
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E %
TABLE VI E
COMPUTER PROGRAM FOR CALCULATING FATIGUE LIFE *—:
x 1 SUBROUTINE SN(SDYNsSTEMP¢ TEMPs CTF ¢ IFF)
2 C =
3 C THIS SUBROUTINE CALCULATES FATIGUE LIFE FOR 4
4 C ALUMINUM OR TITANIUM ALLOY AS A FUNCTION OF :
= S C TEMPERATURE AND MEAN STRESS. THIS SUBROUTINE £
6 C IS BASED ON COUPCN FATIGUE TEST DATA AT ROOM -
7 C AND ELEVATED TEMPERATURE, 3
8 C :
9 C ROOM TEMPERATURE 1S 80 DEG. F ;
10 C 3
11 C SOYN = DYNAMIC STRES ~ KSI (RMS) E
12 C STEMP -~ THERMAL (OR MEAN) STRESS = KSI 3
13 C YEMP = TEMPERATURE = DEG. F 3
. 14 C CTF = LIFE IN CYCLES TO FAILURE N
. 15 C IFF = ALLOY CODE T
= 16 c = 1 TITANIUM i
= 17 c S 2 ALUMINUM i:
B 18 C s
- 19 GO TO(D00+200) s IFF -
= 20 C ook sk Tokok & o akok Kook ko ok o ok ok ok koo 3Kk o 3K Ok 3K 3k e 3k ok o K ke kool ok KOk K K 5
2% (o MATERIAL 6AL-4V TITANIUM SHEET ANNEALED 3
i 22 c TEMPERATURE LIMITATION 600 DEG. F
23 C
24 100 C1z12.58~0,00376%TEMP
25 C2==5,40+0.00176*TEMP
N 26 ARF=C14€2%ALOG10 (SOYN=0.1%STEMP) ]
- 27 CTF=10«*xARF
28 RETURN
29 C ook koK koo ok B % Kok ok Ok b Kk K K KK oK K K K K oK ok ok ok ok ok e ok ook ok b ok o okok
30 C MATERIAL 7075=-T6 ALUMINUM SHEET
31 C TEMPERATURE LIMITATION 300 DEG. F
- 32 C
- 33 200 C€1=10,89-0.00584%TEMP
3y C2=-4,B9+40.00347*TEMP 7
35 ARF=C1l+C2*ALOGLO (SDYN-0.1%STEMP) §
36 CTF=10,&%ARF
17 RETURN ﬁ
38 END
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TABLE VI

COMPUTER PROGRAM FOR CALCULATING SKIN BUCKLING TEMPERATURE

OO OO0 NO

OO0

sl ok kK K OK K KK KOk R K KO ROK ORI K K K K K o ok ok ok ok ok KoK kK ok ok ¥ Kok ok

100

S50

SUBROUTINE CTEMP(TCALP» TGy IFF)
THIS SUBROUTINE CALCULATES SKIN BUCKLING
TEMPERATURE FOR ALUMINUM OR TITANIUM ALLOY
STRUCTURAL PANELS.

TCALP = PRODUCT OF BUCKLING TEMPERATURE

AND ALPHA FROM CALLING PROGRAM

TC = BUCKLING TEMPERATURE = DEG F ABCVE
ROOM TEMPERATURE

IFF = ALLOY CODE
=% TITANIUM
= 2 ALUMINUM

TC=3.0

GO TO (100,200)IFF

MATYERTAL 6AL-4Yv TITANIUM ANNEALED
TEMPERATURE LIVMITA,IONM 1000 DEG. F

Cl=4,45E-05
C2=4,33E=-09

I=1

C3=60,*C2+C1
TC=.9%SART((CI/C2)%xx2+4 ATCALPSC2)=,5%C3/C2
T=TC+80.
IF(T=260.,) 50¢50+2
IF(T=3560.) 3¢3+5
C1=4,9€E-06
c2=2.5€-09

IxI+41

1IF(I-2) 1,450
Cl1a5,80€E=~Gé
TCSTCALP/CE

TC=TC

RETURN
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YABLE Vil {CONT)

C tt**%tt**t**t**t*t#tt*****&**t*&tt*##ttt**t*i#t**t
C MATERIAL 7075=T6 ALUMINUM ALLOY
% TEMPERATURE ;IMITATION 600 DEG. F
290 £1212.4E-06
F235.0€E=-09
1is

201 F3I=R0.xF24F1
TC:O.SO#SQRT((PS/F?)~t2+a.OtTCALP/FZ)to.SOtFB/FZ
T=7C+80.

IF T=100.)500¢5000202

202 IF(T~300.)203,203,204

203 F1=18,625E-~06

{4

il inias

LR
ol b

F2=0,7SE-09
1I=11+1
1F (11-2)201+201+500 3
204 IF(T-400,1205,205,206 1=
205 F1=13,0€-06 i3
F2=1.5€-09 13
1181141 ié
IF(11=2)201,201,500 1
206 F1213.6E~06 i
TC=TCALP/F1 FN

500 TC=TC
RETURN
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TABLE X
COMPUTER PROGRAM FOR CALCULATING SECTION PROPERTIES

SUBROUTINE PROP(OPT+BreHe TeArRJIGAMATXIP)

SECTION PROPERTIES
IF OPT =2 0 2EE SECTION
IF OPT = 1 CHANNEL SECTION
H2 STRINGER HEIGHY» CL TO CL
B FLANGE WIDTH
T2 STRINGER THICKNESS
REFERENCE! AFFDL=TR=71-107
WC = WARPING CONSTANT ABOUT SHEAR CENTER
GAMAT = WARZING CONSTANT ABOUT ATTACH POAIMT
A - CROSS SECYIONAL AREA
RJ= ST. VENANTS TORSION CONSTANT = J
XIP ~ POLAR MOMENT OF INERTIA ABOUY ATTACH POINT
IF(ORPT) 14102
2EE STIFFENER
1 AzZTw (He2 ., #8)
DEHx*2% (& ®¥B4+H)
Di=Tx%2% (3, 8H+2  xB)
XXI=(T«(D+D1)) /12,
D222 .%B+T
D32 .%B-T
X2 I2-{T+H*D2*D3) /8,
221207712, 1% (8 »BexJ3+HeTx%2)
RIS ( Twx3 /3, )%(2,%B+H)
WCETHBrxJ3 o Hkx2% (B4+2  *¥H) /(12 ,% (2, %B+H) )
SxX=8/2,
SZ:-H/Z.
DUSSX*#2 +S2w*x2
D5=0uU=*=A
XIP= (xX1+2214D5) T
GAMATIWCH (S22 %2 ) %27 1=2 ( xSXxGS2xX2 T+ {SXk%2 ) xXX]
RETURN
CHANNEL SECTION
2 F=2.*B+H
XBAR=8a%x2 /F
F1=6.%B+H
E=3.*%Bxx2/F1
CX=E+XBAR
SAZE+(B/2.4)
S2==H/2,
EX=CX=~5X
A= T= [ M42 . %)
F2=3.%H+2 ., %8B
XXT2Te (He«2xF1+Tex2%F2) /12,
F3=12 ,s«H*XBAR* %248, ¥R¥ %3
Fu=B=-XBAR
F5=B=2,%XBAF
22I=T*(F3-24 , *XBAR*EB4FU 412 , %*BxFS*T+& ¥ FUXxTk %2+ THx3) /12,
RJUST®x3%xF /3,
F633 0*84'2 o kM
WCST*Be*IkHA¥2%FE/ (12 ,%F 1)
CAMATIWCH(SZxx2 ) #7272 T+ (SX%k%2 ) #XX]
FT=(EX%%2+S2% %2 ) %A
XIPZ(XXI+Z21+F7)
RETURN
END
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Vi - LIMITATIONS

Application of these design procedures should be tempered with o thorough understanding

of their limitations. Certain cf the initial assumptions stated during the analytical develop-
ment were negated by derivation of the empirical relations. However, the limits in the
physical and environmental parameters of the experimental program then upply to these
design criteria, us itemized below.

A, Physical Constraints

The bounds of the test specimen dimensions were used to estat lish these limitotions.
These should be treated only as a guide, since the equations and nomographs ore
normolly valid beyond these limits. Individual judgment mi st be applied in unusual
cases where the constraints are drastically exceeded, particularly in case of the design
charts. The size guidelines are:

o Panel bay width: a =5 to 9 inches
o Panel boy aspect ratio: b/a=1.5t03

o Panel skin thickness: h = 0.024 to 0.063 inch

B. Environmental Constrai

The azoustic environment generally has no restrictions with regard to the applicobility

of the design criteria. Spectrum levels below 120 dB will normally result in low dynamic
stresses and a long fatigue life. The higher noise levels will generaliy rezult in non-
lirear response, but these effects are included in the design criteria, since many of the
test specimens exhibited a high degree of nonlinearity.

The thermal environment must be nearly uniform over the surfac 2 of o panel bay. The
skin temperature is limited to the maximum temperature for which the alloys retain
significant structural properties. These limiting temperatures are, for the alloys considered:

o  7075-Té aluminum ~ 300°F maximum
o 6Al-4V annealed titanium - 600°F maximum

The design life criteria are bused cnly on specific nominal temperatures, 1equiring the
use of interpolation for intermediate temperatures, Extropolation beyond the temperature
iimits mayv be permissible tc some extent if care is exercised and the further temperature
degradation effects are included.

Probably the most important restriction to the design method is in the estimation of the
ambient temperature and the state of the structure at this temperature. All therma! response
relations are referenced to the ambient temperature and the assumption that a state of

stress equilibrium exist. (i.e., nc mean stresses). It is impractical at this stage to give
guidelines for estimating the ambient temperature state because it is dependent on factors




such as the length of time at o uniform temperature and external constraints. [t should
be noted that a change in ambient temperature over o short interval constitutes a tempera-
ture change as far as the response relations are concerned.

C. External Constraints

The external constraints imposed cn the test panels precluded significant thermal expan-
sion of the substructure. This is considered representative of structural applications in

the direct flow path of engine exhausts or other heat sources; where only localized areas
of the structure are heated. The criteria can also be applied to design applications
invoiving gradual heating of an entire structural area (i.e., supersonic circraft), where all
structure expands at about the same rate. This corresponds to a relaxation of the external i
constraints from those considered here. In this case, the thermal buckling amplitudes
and stresses given by the relations delineated herein will result in a conservative design.

It should be noted thot the empirical results presented herein are applicable only fur the
case of sinwltanevus application of heat ond noise. Alternate application of these environ-
ments, wherein significant thermal stress ccles are incurrad, were not considered in this
program,
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APPENDIX |

GENERAL EXPRESSIONS FOR ST!FFENER GEOMETRIC PROPERTIES

{From Raference 3)

The geometric parameters defined here are developed in terms of a centroidal (x, y, z)
coordinate system. General expressions for the cross-sectional area, the area moments,
torsion constant, and warping constants are presented for zee and channel cross-section
shapes. These parameters are defined as follows:

x - the location of the centroid

e - the location of the shear center

A - the cross-sectional area

2 2
i = z’dA ;| = xzdA | = x“dA
xx xz A zz

A

J = / 'l—(¢., < z)2 + (¢, , + x)z]dA (St. Venont's Torsion
A

Constant)

B _ _ 2
Re, = [xbdA R = /z¢dA r, = /qS dA
A A A

where ¢(x,z) is the warping function for the cross-section with the pole taken as the
shear center.

NOTE: The Symbols used in this appendix ure applicable only for this section. Since
they are defined here or in the following pages, they ure not included in the List of
Symbols.
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FIGURE | - 1 GEOMETRIC PROPERTIES - ZEE SECTION
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x = b&/(2b + )

e =3b/(6b+ K

A = t(h + 2b)

| =15 [h2(6b + h) + 12(3h + 20)]

bl

| I =0

Xz
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[12hx? + 86> - 24xb(b - X) + 126(b - ZX)t + 6(b - X) + 17
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NOTE: For worping constants, the pole is taken at the shear center.
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